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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 

LOW -SPEED STABILITY CHARACTERISTICS OF A COMPLETE 
MODEL WITH A WING OF W PLAN FORM 
By Edward C. Polhamus and Robert E. Becht 

SUMMARY 


An investigation was made of the low— speed static stability char- 
acteristics of a complete model equipped with a W wing. The lift- curve 
slope of the wing-fuselage combination was found to be in good agreement 
with that predicted by available wing-alone theory. In addition, the 
maximum lift coefficient for the wing-fuselage compared favorably with 
that obtained on a 45° conventional sweptback wing. Both the wing- 
fuselage combination and the complete model were longitudinally stable 
up through the stall. The complete model, however, showed some reduc- 
tion in stability over the lift-coefficient range from 0.40 to 0.86. 

The drag due to lift increased rapidly as the lift coefficient was 
increased beyond 0.4, apparently because of flow separation at the wing- 
panel junctures. Some improvement in this behavior was obtained by a 
forward extension of the wing chord in the vicinity of the junctures. 

The effective dihedral variation with lift coefficient was similar 
to the results obtained on sweptforward wings. The complete model was 
directionally stable through the maximum lift coefficient although, at 
a lift coefficient slightly below the maximum, the directional stability 
was only about one-fourth that at zero lift. 


INTRODUCTION 


Previous investigations have shown that highly sweptback wings of 
moderate to high aspect ratio may be characterized by longitudinal 
instability at high lift coefficients due to the severe tip separation 
associated with the spanwise boundary- layer flow of these wings. It 
was therefore proposed that wings having combined sweptback and swept- 
forward panels - that is, composite plan forms - be investigated since, 
for a given sweep angle, they would tend to minimize the boundary- layer 
build-up at the tip. The results of a previous investigation showed 
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that improvements in the pitching-moment characteristics at high- lift 
coefficients could he obtained with a composite-plan-form wing. (See 
reference 1.) Because there were indications that the additional wing 
junctures of this type of wing plan form might he detrimental to the 
drag characteristics at high speed, no further development was under- 
taken. Recently, much interest in composite wings has heen stimulated 
because of structural advantage with respect to twist under load. 

Because of this renewed interest, it was considered desirable to investi- 
gate the low- speed stability characteristics of a complete model with 
a W plan-form wing. Included in this investigation are the results of 
some exploratory tests made in an attempt to reduce the early separation 
at the midsemispan juncture of the wing panels. 


The system of stability axes employed, together with an indication 
of the positive forces, moments, and angles is presented in figure 1. 
The symbols used in this paper are defined as follows: 


SYMBOLS 


C L 



lift coefficient (Lift/qS) 
longitudinal-force coefficient (x/qS) 



lateral-force coefficient (Y/qS) 


rolling-moment coefficient (L/qSb) 


C 


m 


pitching-moment coefficient (m/ qSc) 
yawing-moment coefficient (N/qSb) 


X 


Y 


Z 


longitudinal force along X-axis (Drag = -x), pounds 
lateral force along Y-axis, pounds 
force along Z-axis (Lift = -Z) , pounds 


L 


rolling moment about X-axis, foot pounds 


M 


pitching moment about Y-axis, foot pounds 


N 


yawing moment about Z-axis, foot pounds 


q 


free- stream dynamic pressure, pounds per square foot 
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S 

c 

c 

Id 

V 

A 

P 

a 

♦ 
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A 

H 

Z t 

St 


wing area ; square feet 
wing mean aerodynamic chord, feet 
local streamwise chord, feet 
wing span, feet 

free- stream velocity, feet per second 
aspect ratio (b 2 / S ) 

mass density of air, slugs per cubic foot 
angle of attack of wing-chord plane, degrees 
angle of yaw, degrees 

effective downwash angle at tail, degrees 

angle of sweep of quarter-chord line, degrees 

angle of incidence of stabilizer with respect to fuselage 
center line, degrees 

horizontal- tail mean aerodynamic chord, feet 
tail length from c/4 to c t/b, feet 
horizontal- tail area, square feet 


Subscripts: 


denotes partial derivative of a coefficient with respect to 

dC 7 

yaw, for example, C 7 = L 


DESCRIPTION OF MODEL 


A three-view drawing of the model used in this investigation is 
presented in figure 2 and the ordinates of the fuselage, which was of 
fineness ratio 10, are presented in table I. 

The wing of the model was of W plan form and had 45° sweep referred 
to the quarter-chord line, a taper ratio of 0.60, aspect ratio 6, and 
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an NACA 65A009 airfoil section parallel to the plane of symmetry. The 
break in the sweep line occurred at the midsemispan station. The hori- 
zontal tail had 45° sweepback referred to the quarter- chord line, a 
taper ratio of 0.60, aspect ratio k, and an NACA 65AOO6 airfoil section 
parallel to the plane of symmetry. Photographs of the model on the 
support strut are presented as figure 3> and the details of the juncture 
modifications are given in figure b. The model was made of wood bonded 
to steel reinforcing members. 


TESTS AND CORRECTIONS 


The tests were conducted in the Langley 300 MFH 7- by 10-foot wind 
tunnel at a dynamic pressure of 73-12 pounds per square foot which, for 
average test conditions, corresponds to a Mach number of about 0.22 and 
a Reynolds number of 1,580,000 based on the mean aerodynamic chord of 
1.02 feet. 

Two types of tests were made to determine the lateral character- 
istics of the model. The parameters, C n ^, Cy^, and Cj^ were deter- 
mined from tests through the angle-of-attack range at yaw angles of ±5° 
The lateral characteristics also were determined from tests through a 
range of yaw angles at constant angles of attack. 

The angle-of-attack, drag, and pitching-moment results have been 
corrected for jet-boundary effects, computed on the basis of unswept- 
wing theory by the method of reference 2. Independent calculations 
have shown that the effects of sweep on these corrections are negligible. 
All coefficients have been corrected for blocking by the model and its 
wake by the method of reference 3- 

Corrections for the small tare forces and moments produced by the 
support strut have been applied to the data. 

Vertical buoyancy on the support strut, tunnel air-flow misaline- 
ment and longitudinal pressure gradient have been accounted for in the 
computation of the test data. 


RESULTS AND DISCUSSION 
Presentation of Results 


A table summarizing the figures which present the results of the 
investigation is given on the following page. 
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Figure 


Pitch characteristics of model and component parts 5 to 7 

Pitch characteristics of model with juncture modifications . . 8 to 10 

Yaw characteristics of model 11 to 12 

Lateral stability parameters „ 13 


Longitudinal Characteristics 


T ^ e effect ° ;£ ’ "tail incidence on the aerodynamic characteristics of 
the model in pitch is presented in figure 5- An experimental tail-off 
lift curve slope of O .065 was obtained for the test model, which is in 
fair agreement with the theoretical value of 0 . 062 , calculated for wing 
alone from reference k. The experimental lift-curve slope of the com- 

P ? S in^ ing " fUSelage com ' binati on also agrees fairly well with the value 
of 0.060 presented in reference 5 for a conventional 45° sweptback wing of 
the same aspect ratio at approximately the same Reynolds number as that 
of the present tests. The maximum lift coefficient of l.l4 obtained for 
the composite wing-fuselage combination also compares favorably with the 
value of 1.10 for the conventional plan fora. The wing of reference 5 was 
6 percent thick and had the same aspect ratio and taper ratio as that of 
■the composite -plan-form wing. 


.. Although the tail-off pitching moments were essentially stable un 

(S: Ifk the .y arl f io " of the pitchi "« *!«> 5 

attack (fig. 6) is similar to that obtained from wings experiencing 
ading-edge separation. The results of unpublished pressure distribu- 
tion measurements seem to indicate the presence of this type of“low 

K"; A A d i scussi ‘>“ f the leading-edge separation phenomenon can 

between^ l *% ma ? 6 '> « th the toil on, the reduction in stability 
between a . 6° and a = 14° C L . o.lg) to C L - 0.86 can be attrib- 

7 effect of leading-edge separation and the passage 
of the horizontal tail through the wing wake, the latter probably having 

izonSlteill^h F ° r 7“ S "° del either « lowering 

from the Position used may improve the complete-model sta- 

si^in fW n llft COeff i Ci - ts - “e dashed pitching^* cSve 
^ e ^ represents the data obtained on the previously 

c ? nveational sweptback wing. The gain in stability for the 
£5 ww C0mM f\ l0n ' relatiTC *>>e conventional sSept- 

coefficients d ly apparent at the intermediate and high lift 


A fuselage -alone drag coefficient of 0.006 at a = 0° was obtain^ 

rSr^f? 117 ! * S ^°“ pared to 0.005 calculated by the method of 
erence 7- Included m the theoretical drag calculations for the 
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fuselage alone is an experimental drag increment for the fuselage base 
pressure. The fuselage -alone drag coefficients are based on wing area. 

From the data obtained on the fuselage alone and the fuselage- tail 
configurations, a horizontal- tail lift-curve slope of 0.011, based on 
the wing area, is indicated in the low-angle range. When this lift-curve 
slope is based on the tail area, a value of 0.05^ is obtained, which 
is in good agreement with the theoretical results of reference 8. In 
the presence of the wing, however, the lift-curve slope of the horizontal 
tail in the low-angle range is only about 0.036 based on the horizontal- 
tail area. This reduction in horizontal- tail lift-curve slope is due 
to the wing- induced downwash angles and is equivalent to a value of 
de/da of 0.34- which, as is shown later, is in good agreement with theory. 

Figure 7 presents the downwash angles throughout the angle-of-attack 
range as obtained from figure 6 by the following method. A curve of the 
pitching-moment contribution of the horizontal tail was determined from 
the difference in the data obtained on the fuselage-tail configuration 
and the data on the fuselage alone at the same angles of attack. The 
resulting curve was assumed to be free of the induced downwash effects 
of the wing. Similarly, a curve of the pitching-moment contribution of 
the horizontal tail with downwash effects included was determined from 
the difference in the- data obtained on the complete model and on the 
wing- fuselage configuration. At a given angle of attack on the curve 
obtained with the wing on, therefore, the effective downwash was considered 
to be the angle-of-attack difference between the two curves at the same 
pitching-moment value. 

The parameter was also calculated from reference 9 by using 

both the theoretical span-load distribution determined from reference 4, 
and the experimental span-load distribution from unpublished data. The 
resulting values for de/da were 0.26 and 0.32, respectively. The exper- 
imental value of de/da and the value calculated from the experimental 
span- load distribution therefore are in good agreement. 

Wing-Juncture Modifications 

Flow surveys behind the wing indicated separation in the wing-panel 
junctures at a lift coefficient of approximately 0.4. This separation 
probably contributed to the rapid increase in drag due to lift above 

coefficient. In an attempt to delay this separation to higher 
lift coefficients by controlling the boundary- layer build-up in the junc- 
tures, a few exploratory tests were made with full-chord and half-chord 
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fences located on either side of the juncture. In addition, small vor- 
tex generators also were tried in the same location as the fences. The 
details and locations of the fences and vortex generators are given in 
figure 4. The attempts to reduce the separation in the juncture by the 
above methods were unsuccessful. (See figs. 8 and 9.) 

Chord extensions located as shown in figure 4 were then investigated. 
The vortex from the tips of the chord extension was believed to have 
a tendency to oppose the natural houndary-layer flow along the panels. 

In addition, the vortex generated in this manner would increase with 
the angle of attack of the model as would the cross flow on the wing 
panels. Figure 10 shows that the model with a chord extension of 
30 percent chord over 30 percent of the wing span had lower drag due to 
lift and a higher lift- curve slope. In addition, the nonlinearities of 
the pitching-moment curve were greatly reduced. Inasmuch as the coef- 
ficients are based on the original wing area, some reduction in the 
effect of chord extensions would he obtained if the additional area of 
the chord extensions were taken into account. 


Lateral and Directional Stability Characteristics 

The aerodynamic characteristics in yaw at various angles of attack 
of the wing-fuselage combination and the complete model are presented 
in figures 11 and 12, respectively. The lateral- stability parameters 
are presented in figure 13 for the same conf igurations . 


The effective-dihedral variation with lift coefficient for both 
model configurations follows the pattern generally expected for swept- 
forward wings, that is, C, t-r is negative at low and intermediate 

t/ 


lift coefficients. Inasmuch as the sweptforward outer panel has a 
longer moment arm than the sweptback inboard panel, it would be expected 
that the W wing would have an effective dihedral approaching that of a 
sweptforward wing. A theoretical C l^j c L of -0.0030 was obtained from 

reference 10 for a conventional sweptforward wing alone of similar geo- 
metric characteristics; whereas the value - 0.0025 was obtained exper- 
imentally on the complete model having the composite wing plan form. 

The vertical tail contributed a significant positive increment of effec- 
tive dihedral at zero lift but gradually reduced to zero near a lift 
coefficient of 0.8. 


The complete model remained directionally stable through the 
maximum lift coefficient although, at a lift coefficient slightly below 
the maximum, the directional stability was only about one-fourth that 
at zero lift. Good agreement was obtained in the vertical- tail contri- 
bution to the directional stability with that presented in reference 11 
for a similar fuselage and tail configuration. 
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CONCLUSIONS 


Low-speed wind-tunnel tests of a complete model equipped with a 
W type of wing indicated the following conclusions: 

1. The lift-curve slope of the wing- fuselage combination was found 

to be in good agreement with that predicted by available wing-alone theory. 
In addition, the maximum lift coefficient for the wing-fuselage combination 
compared favorably with that obtained on a 45° conventional sweptback wing. 

2. Both the wing- fuselage and the complete model were longitudinally 
stable through the stall; however, some reduction in stability occurred 
over the lift-coefficient range from 0.40 to 0.86. 

3. The drag due to lift increased rapidly as the lift coefficient 
was increased beyond 0.4, apparently because of flow separation at the 
wing-panel junctures. Some improvement in this behavior was obtained by 
a forward extension of the wing chord in the vicinity of the junctures. 

4. The effective dihedral variation with lift coefficient was sim- 
ilar to the results obtained on sweptforward wings. The addition of the 
tail to the model resulted in a significant positive increment in effec- 
tive dihedral at zero lift that gradually reduced to zero near a lift 
coefficient of 0.8. 

5. The complete model was directionally stable through the maximum 
lift coefficient although, at a lift coefficient slightly below the max- 
imum, the directional stability was only about one-fourth that at zero 
lift. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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TABLE I.- FUSELAGE ORDINATES 

|Basic fineness ratio 12; actual fineness 
ratio 10 achieved by cutting off the rear 
one- sixth of the body^ 



Ordinates 

x/Z 

r/Z 

x/Z 

r/Z 

0 

0 



.005 

.00231 

0.4500 

o.o4i43 

.0075 

.00298 

.5000 

.04167 

.0125 

.00428 

.5500 

.04130 

.0250 

.00722 

.6000 

.04024 

.0500 

.01205 

.6500 

.03842 

• 0750 

.01613 

.7000 

.03562 

.1000 

.01971 

.7500 

.03128 

.1500 

.02593 

.8000 

.02526 

.2000 

.03090 

.8333 

.02083 

.2500 

'.03465 

.8500 

.01852 

.3000 

.03741 

.9000 

.01125 

• 3500 

.03933 

.9500 

.00439 

.4ooo 

.04063 

1.0000 

0. 

L.E 

. radius: 

0.0005Z 
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Lift 



View A -A 

Figure 1.- System of axes. Positive values of forces, moments and angles 

are indicated by arrows. 
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Physical characteristics 
Wing 

Sweep of %, inboard panel, deg 45 
Sweep of % , outboard panel , deg -45 


Area , sq ft 

6 

Span, ft 

6 

Aspect ratio 

6 

Taper ratio 

0.60 

Mean aerodynamic chord, ft 

102 

Incidence , deg 

0 

Dihedral , deg 

0 

A irfoil section parallel 


to free stream 

65A009 

Horizontal tail 


Area, sq ft 

L24 

Aspect ratio 

4.00 

Airfoil section parallel 


to free stream 

65A006 

Vertical tail 


Area, sq ft 

169 

Aspect ratio 

1.18 

Airfoil section parallel 


to free stream 

63 A 009 

0 10 20 



Scale, inches 


— | 9.58 [— 



Figure 2.- General arrangement of test model. 
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Figure 3.- Photograph of model on support strut. 
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Section A- A with full -chord fence 

./c 
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I/HP 

Section A- A with half-chord fence 
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Scale , inches 




Typical cross-section of 
wing with chord extention 




Figure J 4 .- Details of various wing-panel- juncture modifications. 
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-.6 -4 -.2 O .2 4 .6 .8 10 12 1.4 

Lift coefficient , C L 


Figure 5. - Effect of tail incidence on the aerodynamic characteristics 

of the test model. 
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-6 -4 -.2 0 .2 4 .6 .8 ID !2 14 

Lift coefficient , C L 


Figure Concluded. 
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Configuration 



Angle of attack, a, deg 

Figure 6.- Aerodynamic characteristics of the component parts of the 

test model. 
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Configuration 

o W ing - fuselage and tail i t = 0° 
D Wing - fuselage 
o Fuselage alone 



Angle of attack, a, deg 


Figure 6.- Concluded. 
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Effective down wash angle, e , deg 


to 



Angle of attack ,oc , deg 


Figure 7 .- Variation of effective downwash angle with angle of attack. 


NACA EM L52A25 CONFIDENTIAL 


Angle of attack, a, deg Pitching -moment coefficient. Cm 


20 


CONFIDENTIAL 


NACA RM L52A25 



Lift coefficient , C L 

Figure 8.- The effect of wing fences on the aerodynamic characteristics 
of the test model. Horizontal tail off. 
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Lift coefficient , C L 


Figure 9.- The effect of vortex generators on the aerodynamic charac- 
teristics of the test model. Horizontal tail off. 
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Figure 10.- The effect of chord extensions on the aerodynamic charac- 
teristics of the test model. Horizontal tail off. 
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Figure 10.- Concluded. 
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-12 -8 -4 0 4 8 12 16 20 24 28 32 

Angle of yaw, f , deg 


Figure 11.- The effect of angle of attack on the aerodynamic charac- 
teristics in yaw of the wing-fuselage combination. 


CONFIDENTIAL 


Side- force coefficient 


MCA RM L52A25 


CONFIDENTIAL 


25 


E 



Figure 12.- The effect of angle of attack on the aerodynamic charac- 
teristics in yaw of the complete model, i-^ = 0°. 
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-12 -8 -4 0 4 8 12 16 20 24 28 32 

Angle of yaw, deg 

Figure 12.- Concluded. 
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-4 -2 O .2 4 .6 .8 iO 12 1.4 

Lift coefficient , C L 


Figure 13.- The effect of the empennage on the lateral-stability 

parameters of the test model. 
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